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Abstract—We report the temperature dependence of the 
JPL/Boeing MEMS second generation Post Resonator 
Gyroscopes and determine the effect of hysteresis over the 
range 35°C to 65°C.  The results indicate a strong linear 
dependence of the drive frequency and sense frequency 
with temperature of 0.093Hz/°C and AGC bias voltage with 
temperature of 13mV/°C.  The results also indicate a 
significant time lag of the gyroscope of these quantities 
when responding to external temperature variations but 
determined no hysteresis exists in the drive frequency, sense 
frequency, and AGC bias.  Both the time-frequency and 
time-bias voltage relationships are of the form y = 
A+B*exp(-t/T) where A is an offset parameter in Hertz and 
Volts respectively and B depends on the magnitude of the 
temperature variation. 1,2 
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1. INTRODUCTION 

MEMS Post Resonator Gyroscopes (PRGs) are under 
development at the Jet Propulsion Laboratory to provide 
future NASA missions with a low cost, navigation grade, 
reduced mass, and low-power consumption inertial 
measurement unit [1].  The performance of this device is 
roughly an order of magnitude better than that of other 
competing MEMS-based gyroscopes, and is comparable in 
performance to optical gyroscopes.  Gyroscope stability and 
behavior over variations in temperature is crucial to its 
long-term performance in all NASA mission conditions.  
This research is being done in conjunction with others in 
order to develop an integrated Inertial Measurement Unit 
(IMU) for the MEMS microgyro that can auto-tune using 
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evolutionary algorithms [7], [8]. 

The PRG is a MEMS analogue to the classical Foucault 
pendulum.  A Pyrex post anodically bonded to a silicon 
plate is driven into a rocking mode by sinusoidal actuation 
via electrodes beneath the plate.  In a rotating reference 
frame the post is coupled to the Coriolis force, which exerts 
a tangential “force” on the post.  Another set of electrodes 
beneath the device sense this component of motion.  The 
voltage that is required to null out this motion is directly 
proportional to the rate of rotation to which the device is 
subjected.   

Competing designs such as spinning-mass gyroscopes are 
typically orders of magnitude larger, more massive, and 
power consumptive, so there is a great incentive among the 
aerospace community to develop lighter, more compact and 
power-efficient gyroscopes.  Optical gyroscopes such as 
Fiber Optic Gyros (FOGs) and Ring Laser Gyros (RLGs) 

are also large, power consumptive and expensive; in 
addition, FOGs suffer performance degradation when 
exposed to radiation due to optical fiber darkening, while 
RLGs suffer from laser life issues [6].  This adds incentive 
to develop the MEMS devices in order to produce a 
navigation-grade gyroscope for spaceflight with the form-
factor available with these devices.  The end result of using 
the microgyro in these non-conventional environments will 
reduce size, mass and power while maintaining control of 
the remote system.  Typical applications that would benefit 

 

 

Figure 1.  A representative picture of the 
instrumented MEMS gyro and corresponsing diagram 
of the 16-segmented electrode. 
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from this technology include:  inertial spacecraft navigation 
to complement a star tracker or sun sensor, integration of 
the device in a planetary rover or lunar or planetary sample 
return missions that have a premium on weight because of 
the cost of lifting mass off the remote surface, the detection 
of angular rotation in all axes of a robotic arm. 

While there have been several MEMS gyroscopes 
developed [3] [4] (see [5] for a comprehensive review), the 
performance of these devices for spaceflight to date has 
been inadequate due to large bias stabilities (> 1 deg/hr) 
resulting in zero-rate drift.  The PRG has demonstrated 
vastly improved ambient bias stability (0.1 deg/hr) over 
competing MEMS designs; however, this performance must 
still be demonstrated over temperature.  A previous study on 
the effects of temperature on an earlier design of the PRG 
has been reported, but there has been a major revision in the 
architecture of the baseplate both in size and in the number 
of capacitive segments since that work [2].  The newer 
version of the gyroscope can be seen in Figure 1, where the 
16 capacitive segments are visible.  This paper presents the 
results of a study of the temperature dependence for this 
next-generation design.  In particular, this study was 
performed to determine if the response to temperature 
exhibits a hysteretic behavior.  This is of paramount 
importance because correction for hysteresis greatly 
complicates the readout and more importantly reduces the 
overall sensitivity of the Inertial Measurement Unit (IMU) 
as a system.  This paper is organized so that a brief 
introduction to PRGs is shown in Section 2, followed by a 
description of the test setup in Section 3.  The results are 
shown in Section 4 and discussed in Section 5. 

2. MEMS POST-RESONATOR GYROSCOPE 

Post Resonator Gyroscopes (PRGs) employ Coriolis force 
coupling between two degrees of freedom in a vibratory 
mass internal to the sensor.  This vibratory mass is 
fabricated to exhibit two natural frequencies of vibration f1 
and f2, one for each degree of freedom.  An automatic gain 
control (AGC) loop vibrates the gyroscope in the drive axis 
direction (θ1 in Figure 2) at its resonance frequency f1.  
Under rotation, a portion of the vibratory energy in the θ1 
direction is transferred to the θ2 direction, or sense 
direction, at frequency f2 via coriolis coupling.  A force 
rebalance loop (FRB) in the closed-loop controller detects 
the transferred motion in the θ2 direction as a sinusoidally-
varying voltage due to the changing capacitance between 
the vibratory mass and electrodes on the base electroplate.  
The controller then applies force to dampen the vibration in 
the sense direction.  The magnitude of this damping signal 
in the sense direction is proportional to the rate of rotation 
and found through demodulating and DC filtering with a 
sensed copy of the drive signal. 

The precision of the gyroscope depends on the accuracy of 

the AGC loop and FRB loop to produce stable and correct 
outputs over temperature and time.  This study was 
performed by monitoring the AGC loop frequency (drive 
frequency), the FRB loop frequency (sense frequency), the 
AGC force bias (needed to keep the gyroscope mass 
vibrating at constant amplitude and phase), and the 
rotational rate bias as the temperature of the gyroscope is 
adjusted.  Experiments were conducted with a three-hour 
sampling time per temperature and repeated to search for a 
hysteresis. 

 
Figure 2.  A schematic drawing of the dynamics of a 
Post-Resonator Gyroscope. 
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Figure 3.  The conceptual diagram of the experimental 
setup. Cooling is done with liquid nitrogen. 
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3. EXPERIMENT SETUP 

The temperature tests were performed on a packaged 
gyroscope using a temperature chamber under no rotation.  
Temperature regulation was performed by the temperature 
controller using electric heating and liquid nitrogen cooling. 
 A diagram of the experimental setup is shown in Figure 3.   

The figure shows the packaged gyroscope (PRG #105) 
placed along with supporting electronics into the 
temperature chamber.  The control and signal outputs are 
connected though slip-rings to various instruments to 
measure voltage, frequency, etc.  The temperature of the 
gyroscope is measured using the air temperature of the 
chamber through thermocouples read by the temperature 
controller.  Fans mounted inside the temperature chamber 
ensure uniform air temperature inside the chamber. 

The gyroscope is not rotating for the experiment.  The 
temperature of the chamber is ramped up from 35°C to 
65°C and down again at 5°C intervals.  During the test 
period, both analog and digital data were recorded.  The 
analog data were recorded with a National Instruments CB-
68LP.  The analog signals recorded were: 

1. Rate output: DC Bias voltage proportional to the 

rotation rate of the gyroscope.  In the case of no 
rotation, this is the zero rate offset (ZRO). 

2. Gyroscope drive resonance frequency: Measured using 
LabView software to extract frequency. 

3. Gyroscope sense resonance frequency 

4. Automatic Gain Control (AGC): DC Bias indicating the 
force required to keep the amplitude of the drive signal 
constant. 

The digital signals were recorded using a universal counter 
HP 53131A.  The signals recorded were:  

1. Drive resonance frequency,  

2. Sense resonance frequency 

3. Sense signal amplitude 

For a single 5°C interval, the change in the sensitive 
parameters can be seen in Figure 4.  The temperature plot 
shows the temperature inside the chamber rapidly increasing 
and stabilizing to 40°C in a number of minutes.  Therefore, 
it can be assumed that the temperature inside the chamber is 

 
Figure 4.  The response of the drive frequency, sense frequency, AGC voltage, and chamber temperature as a 
function of time for the increase in temperature from 35°C to 40°C. 
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35°C before t = 0 and becomes 40°C after t = 0.  The 
response of the three outputs is clearly exponential decay.  
Stabilization of the outputs occurs two hours after 
temperature change.  The long time delay is primarily due to 
the large heat capacity and low thermal conductivity of the 
vacuum package within which the gyroscope resonator 
resides. 

An example of an entire experimental run is shown in 
Figure 5.  In the figure the response of the drive frequency 
on the left axis and chamber temperature on the right axis 
versus time for the entire experiment.  Plots of the sense 
frequency and AGC voltage versus time yield similarly 
shaped plots.  The response of drive frequency to each 
change in temperature is similar to those described and 
shown in Figure 4 and can be described by the equation: 

f(t) = A+B*exp(-t/τ)  (Equation 1) 

where f is an output of the gyroscope, in Volts for AGC 
voltage and in Hz for drive frequency and sense frequency, t 
is the time elapsed after temperature change and τ is the 
time constant.  A fit was applied to each of the segments in 
Figure 5 and the time constant was determined to be τ=0.42. 
The A and B parameters correspond to the final frequency 
at each temperature and a linear scaling constant, 
respectively.  The stabilized AGC voltage and frequency are 
plotted in Figure 6.  The lines represent heating and cooling 
during a single experimental period.  From this figure, AGC 
voltage varies linearly at 13mv/°C while drive and sense 
frequency vary linearly at 93mHz/°C, confirming results 
obtained earlier by Peay (unpublished) and Shcheglov [2].  
Furthermore, the lines overlap and suggest no hysteresis for 

AGC voltage, drive frequency, and sense frequency over 
the temperatures measured.   

SUMMARY AND DISCUSSION 

In summary, the accuracy of the JPL MEMS gyroscope 
under temperature was investigated.  The following results 
were obtained: 

·AGC voltage, drive frequency, and sense frequency 
respond in exponential decay fashion after experiencing a 
temperature change.  While this is expected, the time 
constant is exceedingly large and indicates that if the gyro 
undergoes temperature cycling on the order of a few hours, 
there will need to be a correction factor added based on the 
history of the temperature.  This temperature lag is in 
contrast with previous published results [2] and suggests 
that the packaging used in the newer version acts as a large 
temperature reservoir.  Mitigation of this will come in the 
form of a temperature sensor that is able to track the 
temperature of the gyro itself, perhaps by being in a similar 
package located near the gyroscope.  This also suggests that 
future research might determine if there is a temperature 
effect which depends on which axis is being driven versus 
being sensed. 

The stabilized AGC voltage, drive frequency and sense 
frequency after temperature change is non-hysteretic and is 
strongly linear with temperature and with calibration can be 
used to indicate temperature of the gyroscope, as was 
expected from the previously published results. 

 
Figure 5.  The response of the drive frequency on the left axis and chamber temperature on the right axis 
versus time for an entire experiment run. 
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Future experiments should be conducted to increase the 
temperature range and to determine the effect of 
temperature changes to a rotating gyroscope, which was not 
possible during this study due to an electrical failure with 
the module. 
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Figure 6.  A plot of the stabilized AGC Voltage and the 
frequency for both Drive and Sense, which are 
statistically identical. 
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